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THIS PAPER 


--represents an effort by the Society to deliver 
technical data direct from the author to the 
reader with the greatest possible speed. To this 
end, it has had none of the usual editing required 
in more formal publication procedures. 


Readers are invited tosubmit discussion apply - 
ing to current papers. For this paper the final 
date on which a discussion should reach the 
Manager of Technical Publications appears on 
the front cover. 


Those who are planning papers or discussions 
for “Proceedings” will expedite Division and 
Committee action measurably by first studying 
“Publication Procedure for Technical Papers” 
(Proceedings Paper No. 290). For free copies 
of this Paper—describing style, content, and 
format—address the Manager, Technical Publi- 
cations, ASCE, 


Reprints from this publication may be made on 
condition that the full title of paper, name of 
author, page reference, and date of publication 
by the Society are given. 


The Society isnot responsible for any statement 
made or opinion expressed in its publications. 


This paper was published at 1745 S. State Street, 
Ann Arbor, Mich., by the American Society of 
Civil Engineers. Editorial and General Offices 
are at 33 West Thirty-ninth Street, New York 18, 
N.Y. 
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SED RESEARCH REPORT NO 1 


ON BIOLOGICAL TREATMENT OF HIGHLY 
ALKALINE TEXTILE MILL WASTE - 
SEWAGE MIXTURE 


BY The Sanitary Engineering Research Com- 
mittee Industrial Waste Section. 


From Research Data of R. H. Souther, Research Director, and T. 
A. Alspaugh, Chemist, Cone Mills Corpora- 
tion, Greensboro, N. C. 


Acknowledgment: The Sanitary Engineering Division grate- 
fully recognizes the generosity and profes- 
sional courtesy of the authors in making 
these research data available to the Socie- 
ty for review, presentation and comment 
by the Industrial Waste Section of the Re- 
search Committee. 


Synopsis: The results of a research project on biological treatment of highly 
alkaline textile mill waste-sewage mixture are presented in sum- 
marized form, critically discussed, and evaluated constructively 
with a view towards engineering application. 


INTRODUCTION 


The effective treatment and disposal of highly alkaline, pollutional sewage 
—waste mixtures has become a thorn in the side of municipal and industrial 
sanitary engineers. These wastes usually contain a high quantity of dissolved 
organic matter having a correspondingly high oxygen demand. The only prac- 
tical means of reducing the BOD, when it results from dissolved organic mat- 
ter, is to decompose it biologically. An exception exists when the solids con- 
tent is high enough to warrant evaporation as in the disposal of kraft pulp 
digester liquor. It has been an accepted tradition among waste treatment 
engineers not to consider biological treatment of a waste with a pH over 9.0 
unless with a preliminary neutralization. The addition of acid to lower the 
PH to this level sometimes results in excessive daily operating costs. In the 
researchers’ plant the acidification with sulfuric acid alone would amount to 
a daily cost of almost $1,000. At present there are two methods being studied 
to eliminate or reduce the operating expense of neutralization. 


1) Flue gas treatment. 
2) Development of a highly resistant bacterial flora which can be adapted 
to the high pH environment. 


The first method is receiving considerable attention by several 
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researchers in the textile waste field and will be the subject of a future dis- 
cussion by the Research Committee. The second method was used by the 
authors even though the literature is replete with discouraging results at 
elevated pH values. 


Pilot Plant 


Wastes approximate 
% by volume 


Kier and finishing waste, vats, sulfur, 
indigo, color shop, and mercerizing wastes ’ 69 


Rayon and cotton finishing waste 12 
Rayon and cotton dye waste 11 
Sulfur and indigo 5 
Bleachery and kier 3 


The textile mill waste was added to replace sewage in increasing percentages. 
It was started on 4% waste and 96% sewage. This was continued, gradually 
adding more of the textile mill waste and decreasing the amount of sewage 
until the ratio of 40% mill waste and 60% sewage was reached, 
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The authors applied the waste-sewage mixture on an experimental filter 
having a volume of 4.88 cubic feet and a surface area of 1.22 square feet. 
The loading of 471 ppm BOD on 4.88 cubic feet of filter at a rate of 125 gal- 
lons per day was 101 pounds per 1000 cubic feet or 2.73 pounds per cubic 
yard. The filter stone size was 1-1/2 to 3-1/2". 


Results 


Laboratory pilot plant trickling filter experiments showed that the highest a 
practical pH was 10.5. The following table summarizes the results at this 
pH when using a 2:1 recirculation rate over a one month period. 


Final Settling 


Initial Effluent Basin Effluent 
BOD (ppm) 471 230 198 . 
Color (ppm) 600 345 335 
pH 10.5 9.1 9.1 
Discussion 


It has been generally accepted that the efficiency of a filter will decrease 
as the BOD loading is increased after a certain maximum level. The level a 
has arbitrarily been set at 1.5 to 2.0 pounds per cubic yard. Therefore, the 
loading used by the authors was approximately twice that accepted as a safe 
design for maximum efficiency. Souther and Alspaugh obtained 58% BOD re- 
duction after the filter effluent was settled. When the high load and the high 
pH are both considered, a reduction of 58% is very encouraging. It is quite 
possible that greater than 60% BOD reduction could have been obtained if 
lower loadings had been used. 

The reduction in pH from 10.5 to 9.1 in the plant is quite significant be- 
cause it indicates biological activity. However, the total alkalinity of the 7 
waste mixture as it went through the pilot plant remained about the same, but 
the hydroxides and carbonates are gradually converted to bicarbonates. This 
action could have been partly due to absorption of COg from the atmosphere. } n 
The lowered pH of the filter effluent is desirable for at least two reasons: i 


1) Less neutralization before ultimate disposal is required. 
2) A greater efficiency of a secondary biological treatment unit will be v 
obtained. 


The color reduction from 600 ppm to 345 ppm (42.5%) is significant be- 
cause it is usually desirable to reduce the color of sewage-waste mixtures 


‘ to a degree where it will not be too noticable in the receiving water. The re- a 
duction of colored matter could have been associated with the removal of BOD. , 
Apparently no colored matter was made insoluble by the passage through the 


filter because no further reduction in color was obtained in the settling basin. 

In this respect the BOD reduction differed from the color removal in that an ; 
additional 6.7% BOD removal (based on original 471 ppm) was obtained in the 
settling basin. 

d It might be predicted that the use of the relatively small stone sizes which 
the pilot plant filter contained would lead to an early clogging especially at 
the high organic loading. No clogging was encountered in the pilot plant, how- \e 
ever. 
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CONC LUSIONS 


1) A highly alkaline textile waste-sewage mixture has been successfully 
treated without neutralization on a high-rate trickling filter. 

2) At a pH of 10.5 and a BOD loading of 100 pounds per 1000 cubic feet per 
day a 58% reduction in BOD was obtained with filtration and settling. 

3) The pH was reduced from 10.5 to 9.1 by the filter. 

4) A color reduction of 42.5% was effected by passage of the sewage waste 

mixture through the filter. 


Engineering Implications 


These research results indicate that it may be entirely feasible to treat 
biologically a highly alkaline sewage-waste mixture without prior neutraliza- 
tion. This should result in somewhat lower efficiencies but also in a con- 
siderable savings to the municipalities and industries. The reduced pH of 
the filter effluent will make for a higher degree of efficiency in any subse- 
quent biological treatment unit. Therefore, the trickling filter can be used 
to advantage as a “roughing” or preliminary biological treatment. The 42.5% 
color removal is a welcome secondary results of the filter operation. It is 
becoming increasingly imperative that municipal treatment plants remove 
color as well as BOD from the sewage. The public is demanding that waste 
effluents should be “out of sight” as well as non-pollutional. 


Credit: This research report, which is one of a series of professional con- 
tributions by the Committee on Sanitary Engineering Research, 


William T. Ingram Air Pollution 

Herman R. Amberg Stream Pollution 

Jess C. Dietz Sewage 

Marvin L. Granstrom Water 

E. R. Hendrickson Public Health 

Ralph Stone Rubbish and Garbage 
Chairman, Nelson L. Nemerow Industrial Wastes 


has been prepared by the Industrial Wastes Section: 


Don E. Bloodgood 
Ross C. McKinney 
C. Fred Gurnham 
Nelson L. Nemerow, Chairman 
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The technical papers published in the past year are presented below. Technical-division 
sponsorship is indicated by an abbreviation at the end of each Paper Number, the symbols 
referring to: Air Transport (AT), City Planning (CP), Construction (CO), Engineering Mechanics 
(EM), Highway (HW), Hydraulics (HY), Irrigation and Drainage (IR), Power (PO), Sanitary Peat 
Engineering (SA), Soil Mechanics and Foundations (SM), Structural (ST), Surveying and Mapping 
(SU), and Waterways (WW) divisions. For titles and order coupons. refer to the appropriate 
issue of “Civil Engineering” or write for a cumulative price list. 


VOLUME 80 (1954) 
JULY: 457(AT), 458(AT), 459(AT)©, 460(IR), 461 (IR), 462(IR), 463(IR)©, 464(PO), 465(PO)*. 


AUGUST: 466(HY), 467(HY), 468(ST), 469(ST), 470(ST), 471(SA), 472(SA), 473(SA), 474(SA), 
475(SM), 476(SM), 477(SM), 478(SM)°, 479(HY)°, 480(ST)°, 481(SA)°, 482(HY), 483(HY). 


SEPTEMBER: 484(ST), 485(ST), 486(ST), 487(CP)°, 488(ST)°, 489(HY), 490(HY), 491(HY)S, 
492(SA), 493(SA), 494(SA), 495(SA), 496(SA), 497(SA), 498(SA), 499(HW), 500(HW), 501 (HW)°, 
502(WW), 503(WW), 504(Ww)°, 505(CO), 506(CO)®, 507(CP), 508(CP), 509(CP), 510(CP), 
511(CP). 


OCTOBER: 512(SM), 513(SM), 514(SM), 515(SM), 516(SM), 517(PO), 518(SM)°, 519(IR), 520(IR), 
521(IR), 522(R)°, 623(AT)°, 524(SU), 525(SU)°, 526(EM), 527(EM), 528(EM), 529(EM), 


530(EM)°, 531(EM), 532(EM) , 533(PO). 
NOVEMBER: 534(HY), 535(HY), 536(HY), 537(HY), 538(HY)°, 539(ST), 540(ST), 541(ST), 542(ST), 
543(ST), 544(ST), 545(SA), 546(SA), 547(SA), 548(SM), 549(SM), 550(SM), 551(SM), 552(SA), - 


553(SM)°, 554(SA), 555(SA), 556(SA), 557(SA). 


DECEMBER: 558(ST), 559(ST), 560(ST), 561(ST), 562(ST), 563(ST)°, 564(HY), 565(HY), 566(HY), t 
567(HY), 568(HY)°, 569(SM), 570(SM), 571(SM), 572(SM)°, 573(SM)°, 574(SU), 575(SU), 576(SU), | 
577(SU), 578(HY), 579(ST), 580(SU), 581(SU), 582(Index). j 

VOLUME 81 (1955) 
JANUARY: 583(ST), 584(ST), 585(ST), 586(ST), 587(ST), 588(ST), 589(ST)©, 590(SA), 591(SA), e 


592(SA), 593(SA), 594(SA), 595(SA)°, 596(HW), 597(HW), 598(HW)°,599(CP), 600(CP), 601(CP), ; 
602(CP), 603(CP), 604(EM), 605(EM), 606(EM)°, 607(EM). 1 

FEBRUARY: 608(WW), 609(WW), 610(WW), 611(WW), 612(WW), 613(WW), 614(WW), 615(WwW), 
616(WW), 617(IR), 618(IR), 619(1R), 620(IR), 621(IR)°, 622(IR), 623(1R), 624(HY)°, 625(HY), 
626(HY), 627(HY), 628(HY), 629(HY), 630(HY), 631(HY), 632(CO), 633(CO). 


MARCH: 634(PO), 635(PO), 636(PO), 637(PO), 638(PO), 639(PO), 640(PO), 641(PO)*, 642(SA), 
643(SA), 644(SA), 645(SA), 546(SA), 647(SA)°, 648(ST), 649(ST), 650(ST), 651(ST), 652(ST), 
653(ST), 654(ST)©, 655(SA), 656(SM)°, 657(SM)°, 658(SM)°. 


APRIL: 659(ST), 660(ST), 661(ST)°, 662(ST), 663(ST), 664(ST), 665(HY)©, 666(HY), 667(HY), 
668(HY), 669(HY), 670(EM), 671(EM), 672(EM), 673(EM), 674(EM), 675(EM), 676(EM), 677(EM), 
678(HY). 


MAY: 679(ST), 680(ST), 681(ST), 682(ST)©, 683(ST), 684(ST), 685(SA), 686(SA), 687(SA), 688(SA), 
689(SA)°, 690(EM), 691(EM), 692(EM), 693(EM), 694(EM), 695(EM), 696(PO), 697(PO), 698(SA), 
699(PO)©, 700(PO), 701(ST)®. 


JUNE: 702(HW), 703(HW), 704(HW)°, 705(IR), 706(IR), 707(IR), 708(IR), 709(HY)°, 710(CP), 
711(CP), 712(CP), 713(CP)©, 714(HY), 715(HY), 716(HY), 717(HY), 718(SM)°, 719(HY)¢, 
720(AT), 721(AT), 722(SU), 723(WW), 724(WW), 725(WW), 726(WW)°, 727(WW), 728(IR), 
729(IR), 730(SU)°, 731(SU). 


JULY: 732(ST), 733(ST), 734(ST), 735(ST), 736(ST), 737(PO), 738(PO), 739(PO), 740(PO), 
741(PO), 742(PO), 743(HY), 744(HY), 745(HY), 746(HY), 747(HY), 748(HY)°©, 749(SA), 750(SA), 
751(SA), 752(SA)°, 753(SM), 754(SM), 755(SM), 756(SM), 757(SM), 758(CO)©, 759(SM)°, 
760(WwW)°, 


c. Discussion of several papers, grouped by Divisions. 
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